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Inversion of eddy-current data and the reconstruction of flaws is the 
preeminent problem in electromagnetic nondestructive evaluation (NDE). This 
places a premium on developing good forward models for computing field-flaw 
interactions, because all inversion algorithms must, of necessity, rely on 
such calculations. There has evolved in recent years several sophisticated 
computational models for the forward problem [1-4J, but these models differ 
significantly in their theoretical and numerical approaches. For example, 
[1-3J use a volume-integral approach that incorporates fast Fourier transforms 
with conjugate gradients to solve the resulting linear system of equations, 
whereas [4J uses finite-elements. 
Because of this diversity of theoretical-computational approaches, it has 
become clear that there is now a great need to pr~sent experimental data from 
benchmark problems, whose purpose is to not only validate individual models 
and codes, but to also allow comparisons between competing models and codes. 
In this paper we present five such problems for the calculation of impedance 
change, .6.Z. These problems, 
1. Rectangular slot in a thick plate (900 Hz) 
2. Rectangular slot in a thick plate (7 kHz) 
3. Cracks in a thin plate 
4. Cracks in a double plate system 
5. Cracks in a thin plate: tangent coil, 
have the common feature of being basad on practical eddy-current testing 
techniques, and of utilizing simple geometries. 
We present here only a description of the test geometry and parameters. 
The actual data from the experiments are collected together in [5,6J; further 
details of each experiment can be found in the references cited in this paper. 
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PROBLEM NO. 1 
The experimental arrangement is shown schematically in Figure 1. Here, a 
circular air-cored coil is scanned, parallel to the x-axis, along the length 
of a rectangular slot in an aluminum alloy plate. Both the frequency and the 
coil lift-off are fixed, and b..Z is measured as a function of coil-center 
position. The parameters for this test experimen~ are listed in Table 
1. This problem is completely described in [7], and is also included in 
[5]. Solutions appear in [3,9], where a volume-:integral equation is used. 
Preliminary calculations for this case were first reported by Dunbar [11]. 
PROBLEM NO. 2 
The rectangular slot geometry for this problem is identical to that of 
Problem No. 1 (see Figure 1). The experimental arrangement uses a larger 
coil, at a higher frequency (see Table 2 for the parameters). The skin depth 
at this frequency is one-fifth of the slot depth, which makes this problem 
differ from No. 1 by nearing the thin-skin limit. Theoretical calculations 
for this problem have been published [9]. A complete description of this 
problem and the next three, together with experimental measurements of b..Z and 
theoretical results, appear in [6]. 
PROBLEM NO. 3 
The problem is to compute b..Z due to a straight through-crack in a thin 
brass sheet, as shown in Figure 2. The parameters of the test experiment 
are given in Table 3. Two experimental data sets are given in [6] for this 
problem, one for b..Z as a function of coil-center position X, with Y = 0 
(longi tudinal scan) at a constant frequency of 1 ltHz. The second data set 
lists the frequency response of b..Z from 110 Hz to 10 kHz, wi th the coil 
center fixed on the crack at X = Y = O. A low-frequency current-vortex 
theory for the interaction of eddy-currents with cracks in thin plates has 
been developed by Burke and Rose [8], and applied to this problem. McKirdy 
[9] has solved this problem by means of a volume-integral equation, using 
a numerical approach that is significantly different to that of Sabbagh and 
Bowler et al [1-3]. 
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Table 1. Parameters of Test Experiment No. 1 (see Figure 1) 
Inner radius (a2) 
Out er radius (al) 
Length (b) 
The coil 
Number of turns (]V) 
Lift-off (l) 
6.15 ± 0.05mm 
12.4 ± O.05mm 
6.15 ± 0.1mm 
3790 
0.88 mm 
The test specimen 
Conductivity (u) 3.06 ± 0.02 X 107 S/m 
Thickness 12.22 ± 0.02mm 
Length (2c) 
Depth (h) 
Width (w) 
Frequency 
The defect 
12.60 ± 0.02mm 
5.00 ± 0.05mm 
0.28 ± 0.01mm 
Other parameters 
900 Hz 
Skin depth at 900 Hz 
Isolated coil inductance 
3.04mm 
221.8 ± 0.04mH 
Table 2. Parameters of Test Experiment No. 2 (see Figure 1) 
Inner radius (a2) 
Out er radius (al) 
Length (b) 
The coil 
Number of turns (]V) 
Lift-off (I) 
9.34 ± 0.05mm 
18.4 ± 0.05mm 
9.00 ± 0.20mm 
408 
2.03 ± 0.05mm 
The test specimen 
Conductivity (0-) 3.06 ± 0.02 X 107 S/m 
Thickness 12.22 ± 0.02mm 
Length (2c) 
Depth (h) 
Width (w) 
Frequency 
The defect 
12.60 ± 0.02mm 
5.00 ± 0.05mm 
0.28 ± O.Olmm 
Other parameters 
7000 Hz. 
Skin depth at 7000 Hz 
Isolated coil inductance 
1.09mm 
3.96 ± O.lrnH 
z 
x 
Figure 1. Configur<1tion for measuring flZ due to a surface breaking slot. 
219 
Infinite plate 
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Figure 2. Configuration for measuring 6,.Z due to a straight, through-thickness crack. 
Table 3. Parameters of Test Experiment No. 3 (see Figure 2) 
The coil 
Inner radius (a2) 9.33 ± 0.05mm 
Outer radius (al) 18.04 ± 0.05mm 
Length eb) 10.05 ± 0.05mm 
Number of turns (lV) 1910 
Lift-off Cl) 1.87mm 
The test specimen 
Conductivity (a) 1.65 ± 0.02 X 107 S/m 
Thickness 0.89 ± 0.01mm 
The defect 
Length (2c) 44.4 ± 0.02mm 
Depth (h) through-thickness slot 
Width (w) 0.30 ± 0.01mm 
Other parameters 
Frequency 1000 Hz 
Skin depth at 1000 Hz 3.91mm 
Isolated coil inductance 84.2 ± 0.1mH 
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PROBLEM NO. 4 
Problem No. 3 is extended to inelude a seeond plate (see Figure 3). The 
problem is to, onee again, eompute ßZ due to a straight through-eraek. Two 
experimental data sets are given in [6]. The first eorresponds to Figure 
4(a), and gives ßZ due to a first-layer crack as a function of coil-center 
position, )(c, with }~ = 0 (a longitudinal scan) , at a constant frequency of 
1 kHz. The second set lists ßZ due to a second-layer crack as a funetion of 
Xc> with Ye = 0, at the same frequeney (Figure 4(b)). The test parameters 
are listed in Table 4. A theoretieal solution, based on a low-frequency, 
generalized current-vortex formalism, is given in [10]. 
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Figure 3. Eddy-currcnt induction in system of two plates separated by an insulating gap. 
PROBLEM NO. 5 
Experimental resul ts are gi ven in [6] for ßZ due to a straight 
through-erack in a thin brass sheet using the tangent eoil geometry of Figure 
5. These results eorrespond to three problems: (1) eornpute the variation in 
ßZ as a funetion of coil-center position, )(e' at 2 kHz, for Yc = 0 and e = 0; 
(2) compute the frequency dependence of ßZ, from 251 Hz to 10 kHz, with the 
coil centered on the crack ()(e = Yc = 0), and e = 0; and (3) compute the 
change in ßZ as a function coil-axis orientation, e, with the eoil centered 
on the crack ()(e = Ye = 0), at a frequency of 2 kHz. The test parameters 
are listed in Table 5. Theoretical results that are based on the generalized 
current-vortex theory [8], and a hybrid generalized current-vortex theory are 
also given in [6]. 
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Figure 4(a). Eddy-current inspection of a first-layer crack. 
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Figure 4(b). Eddy-current inspection of a second-layer crack. 
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Table 4. Parameters of Test Experiment No. 4 (see Figure 3) 
The coil 
Inner radius (a2) 
Outer radius (al) 
Length (12 - 11 ) 
Number of turns (N) 
Lift-off (l) 
The test 
Conductivity (0"1 = 0"2) 
Plate thickness (tl = t 2) 
Midplane separation (d) 
Gap thickness 
9.33 ± 0.05mm 
18.04 ± 0.05mm 
10.05 ± 0.05mm 
1910 
1.87mm 
specimens 
1.64 ± 0.02 x 107 S/m 
0.90 ± O.Olmm 
1.09 ± O.Olmm 
0.19 ± O.Olmm 
The defect 
Length (2c) 
Depth (h) 
Width (w) 
44.4 ± 0.02mm 
through-thickness slot 
in upper or lower plate 
0.30 ± O.Olmm 
Frequency 
Other parameters 
1000 Hz 
Skin depth at 1000 Hz 
Isolated coil inductance 
-y 
INFINITE PLATE 
thickness h 
3.92mm 
84.2 ± O.lmH 
COIL ;---;----,---~ AX 15 
d 
x 
Figure 5. Measuring ßZ due to a through-crack in a plate, using a tangent coil. 
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